Background: Treatment refusal and abandonment are major causes of treatment failure for children with cancer in low-and middle-income countries (LMICs), like Guatemala. This study identified risk factors for and described the intervention that decreased abandonment. younger age (P = 0.017) and earlier year of diagnosis (P < 0.001). Indigenous race/ethnicity (P = 0.002) was associated with increased risk of abandonment alone. Abandonment correlated with decreased overall survival: 0.57 ± 0.02 (survival ± standard error) for those who completed therapy versus 0.06 ± 0.02 for those who abandoned treatment (P < 0.001) at 8.3 years.
INTRODUCTION
Children in low-and middle-income countries (LMICs) comprise greater than 80% of pediatric cancer cases worldwide. [1] [2] [3] In LMICs, treatment refusal and abandonment (hereafter referred to as Abbreviations: Abandonment, treatment refusal and abandonment; LMIC, low-and middle-income country; POND, Pediatric Oncology Network Database; SES, socioeconomic status; UNOP, Unidad Nacional de Oncología Pediátrica abandonment) are a major cause of therapeutic failure, 1, 4 affecting as many as 60% of children diagnosed with cancer, 5 and one in seven children globally. 6 Risk factors for abandonment vary by country and treatment setting, but include low socioeconomic status (SES), 1, 7 young age, 8 lower educational status of parents, 1 longer travel time to the treatment center 1, 8 and an increased number of persons in the household. 7 Most treatment abandonment occurs early during the course of therapy, such that few patients who abandon are cured of their by De Pernillo et al. 16 Medicina integral worked with the families from diagnosis through completion of therapy to address their needs for transportation as well as financial, nutritional and psychosocial support. Families that were identified as being at risk for treatment abandonment were given a "canasta básica" (basic basket) which included food for all family members sufficient for the entire month, transportation, food in hospital for parents and expenses for a funeral if the child died. In addition, there were three different hostels available for families to stay close to the hospital. Everything was paid for through donations via the Fundación Ayúdame a Vivir (Help me to Live Foundation, ayuvi.org.gt).
In addition, there were other conferences with the families that focused on the importance of completing all therapy, the curability of childhood cancer and the management of treatment toxicities, with the goal to reduce treatment abandonment by addressing knowledge gaps.
A psychologist, social worker and physician met with all the families at diagnosis. The oncologist discussed the diagnosis, therapy, prognosis, procedures and importance of avoiding abandonment. Spiritual caregivers were also educated regarding cancer and chemotherapy to then help educate and support the families during treatment.
Study population
Records were reviewed of 1,789 children 18 years of age or younger treated for newly diagnosed cancer from 2001 to 2008. Follow-up ranged from 0 to 11.4 years (median 3.4 years). Median follow-up for patients who abandoned treatment was 2.5 years. Patients who were previously treated for cancer, from another country, or with concurrent human immunodeficiency virus were excluded (n = 289). Patients with central nervous system tumours were also excluded because UNOP lacked neurosurgical services and these patients were referred elsewhere.
Data sources
The Pediatric Oncology Network Database (POND; www.POND4 Kids.org), a Web-based pediatric cancer database, was used to retrieve patient data, the details of which are described elsewhere. 2 The database includes demographics, diagnosis, therapeutic interventions and outcomes data. Reported outcomes in POND include abandonment, refusal, relapse, progressive disease, secondary malignancy, death and lost to follow-up. All data was de-identified.
Definitions
Treatment abandonment was defined as failure to continue the planned course of treatment for 4 or more weeks during scheduled treatment. 2, 5 Treatment refusal was defined as a patient or parents not allowing initiation of treatment. 2, 5 There were eight patients who refused or abandoned and later returned for treatment. They were still considered to have refused or abandoned for purposes of analysis. Based on the recommendations of the International Society of Pediatric Oncology Abandonment Working Group, treatment refusal and abandonment were combined as one entity and is referred to as abandonment, in which refusal to start curative therapy is considered the earliest, and most extreme, type of abandonment. 5, 17 However, subanalyses of these were performed separately (and indicated when done). The last day the patient received care was the date recorded for abandonment. Patients designated as lost to follow-up were those who completed therapy but did not return for follow-up.
The distance from UNOP was calculated using the home address provided by the family and driving directions from Google Maps 
Data analysis
A descriptive analysis of patient characteristics was performed. Additionally, patients were divided into two different cohorts: patients year of diagnosis and driving distance to UNOP were analysed as continuous variables. These calculations were performed using the package "R." A P value less than 0.05 was considered significant.
Kaplan-Meier analysis was used to evaluate the overall survival in patients who abandoned treatment and those who completed therapy. 5, 17 Patients who did not die were censored as of the date of their last follow-up and analysis was conducted using Statistica version
(StatSoft).
This study received approval from Institutional Review Boards at both Stanford University School of Medicine and UNOP through the Francisco Marroquín University, School of Medicine, Guatemala.
RESULTS

Demographics
Patient characteristics are shown in Table 1 (Table 1 ). There was no significant difference in age (P = 0.067) and race/ethnicity (P = 0.129) between the groups. In contrast, there was a significant difference in sex (P < 0.001) with a larger percentage of females in Group B (57.2%, n = 571) compared to Group A (41.1%, n = 325). In addition, there was a significant difference in distribution of cancer type between the two groups (P < 0.001). Group 
Treatment abandonment
There were 367 patients (21%) with treatment abandonment over the 8-year period of the study. Table 2 shows the Cox proportional hazard multivariate analysis, revealing that younger age (P = 0.017), earlier year of diagnosis (P < 0.001) and greater distance to the centre (P < 0.001) were independently associated with increased risk of abandonment. Gender and cancer diagnosis were not significantly associated with abandonment. In a Cox proportional hazard multivariate subanalysis, indigenous race/ethnicity (P = 0.002) was independently associated with increased risk of abandonment but not refusal of therapy.
Lymphoma was associated with being less likely to refuse therapy but was not associated with abandonment of therapy (P = 0.030, reference Wilms tumour). Living a greater distance from the cancer centre was also not associated with treatment refusal alone.
Increasing travel distance was a risk factor for abandonment. (Fig. 2 ). An abandonment-sensitive analysis (where those patients who abandoned and were lost to follow-up are considered deceased)
showed the cumulative overall survival at 8.3 years was 0.57 ± 0.02 (survival ± standard deviation) for those who completed therapy versus 0.06 ± 0.02 for those who abandoned therapy (P < 0.001) (Fig. 2) .
DISCUSSION
This study demonstrates that greater distance from UNOP, younger age and earlier year of diagnosis are factors associated with treatment abandonment among pediatric cancer patients in Guatemala. In addition, indigenous race/ethnicity is associated with treatment abandonment alone but not refusal of therapy. Abandonment is a preventable event with devastating consequences for pediatric oncology patients. with cancer in Guatemala. 19 They found that abandonment was associated with less than 3 years of parental elementary school. In addition, treatment adherence correlated with household electricity, owning a TV, owning a radio and having more than three rooms in the house. 19 This was the first study to look at abandonment in an era without a centralized cancer centre, treatment protocols and support staff. In 2000, with the development of UNOP, treatment of pediatric cancer in Guatemala drastically changed. 13 In our study, we found that self-identified indigenous race/ethnicity was independently associated with increased risk of abandonment of therapy alone, but not with refusal. To our knowledge, this has not been specifically described in the literature. Race/ethnicity may be a surrogate for another factor such as cultural beliefs surrounding the attitudes toward Western medicine and alternative treatments.
Though not specific to an indigenous population, the use of alternative treatments and beliefs that cancer is incurable have been described as causes for abandonment. [20] [21] [22] [23] This difference needs to be studied further with the help of sociologists and anthropologists.
Additionally, our analysis also showed that cancer diagnosis was independent of decisions to abandon potentially life-saving cancer treatment, a finding that is consistent with the results of Bonilla et al. in their study on abandonment of therapy in El Salvador. 7 This is interesting given the large variation in treatment course, time to abandonment by the type of cancer diagnosis and the surgical interventions that are needed to treat different cancers. The difference for lymphoma in treatment refusal alone (and not treatment abandonment) may be due these patients presenting very sick; therefore, they are less likely to refuse treatment up front, but this does not affect abandoning treatment later when they are perhaps feeling better. Reasons for this difference should be evaluated further.
Mortality rates associated with untreated pediatric cancer are high.
Sitorus et al. demonstrated that survival rates were lower and tumour progression was higher for patients with retinoblastoma who temporarily refused and then returned for treatment compared to those who adhered to treatment. 11 It is known from other studies that treatment delays 9 and abandonment are strongly associated with treatment failure. 8, 12, 24 However, the true outcomes associated with abandonment, once the patient has started therapy, are difficult to ascertain. 8 We found that treatment abandonment was significantly correlated with decreased survival. The cumulative predicted survival at 8.3 years was only 6% for those who abandoned treatment. Treatment abandonment is therefore associated with poor outcomes in Guatemala, which is similar to previous analyses. 8, 9, 11, 12, 24 The creation of UNOP in Guatemala decreased abandonment from 38% in 1999 to 27% in 2001. The positive effect of establishment In addition, a tracking system was implemented to detect missed appointments. The application of this intervention correlates with a turning point in the number of children and families abandoning therapy in Guatemala. This psychosocial team model and tracking system proved to be key intervention strategies in this otherwise high-risk setting.
TA B L E 2 Cox proportional hazards analysis of patients with treatment abandonment and refusal
The UNOP model of a multidisciplinary team approach within a comprehensive pediatric oncology centre has been shown to be successful in reducing rates of abandonment in other LMICs. Recife, Brazil was able to reduce abandonment to 0.5%. 27 In Indonesia and India, the inclusion of counselling at the beginning of treatment was associated with increased treatment compliance. 12, 23 In El Salvador, a tracking system was implemented to detect the first missed appointment, determine its cause and address it. 28 Twinning programs with partnerships between LMICs and high-income countries have successfully reduced abandonment and improved outcomes through programmatic improvements, protocol-driven therapy and provisions for patients. 1, 29 Overall, earlier identification and intervention in patients at high risk of treatment abandonment are associated with decreased rates of abandonment. 7, 30 This is one of the largest studies of abandonment in a LMIC. Limitations of this study include the retrospective nature of the data collected, which depends on the accurate recording of data. However, POND4kids serves as a tool that facilitates uniform data collection so that comparisons can be made across many different eras and sites. 2, 31 The process was standardized to allow more consistent data collection across countries and Guatemala has dedicated data managers to help eliminate errors. 31 There was no access to consistent socioeconomic evaluations to assess any association of income with abandonment.
CONCLUSION
This study provides new information on the characteristics of children who abandoned treatment in Guatemala and how the intervention of a multidisciplinary psychosocial team can prevent treatment abandonment. However, further research is needed to investigate the direct effects of socioeconomic factors and targeted psychosocial interventions on abandonment of cancer therapy in the developing world.
We have already engaged in this second phase of the investigation into abandonment in Guatemala by evaluating the intervention instruments used.
